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Purpose:  Mild  therapeutic  hypothermia  proved  to be beneﬁcial  when  induced  after  cardiac  arrest  in
humans.  Prehospital  cooling  with  i.v.  ﬂuids  was  associated  with  adverse  side  effects.  Our primary
objective  was  to  compare  time  to target  temperature  of  out-of  hospital  cardiac  arrest  patients  cooled
non-invasively  either  in the  prehospital  setting  vs.  the in-hospital  (IH) setting,  to  assess  surface-cooling
safety  proﬁle  and  long  term  outcome.
Methods:  In  this  retrospective,  single  center  cohort  study,  a group  of  adult  patients  with  restoration  of
spontaneous  circulation  (ROSC)  after  out-of  hospital  cardiac  arrest  were  cooled  with  a surface  cooling
pad  beginning  either  in  the  prehospital  or IH setting  for 24 h. Time  to target  temperature  (33.9 ◦C),  tem-
perature  on admission,  time  to  admission  after  ROSC  and  outcome  were  compared.  Also,  rearrests  and
pulmonary  edema  were  assessed.  Neurologic  outcome  at 12  months  was  evaluated  (Cerebral  Performance
Category,  CPC  1–2,  favorable  outcome).
Results:  Between  September  2005  and February  2010,  56  prehospital  cooled  patients  and  54  IH-cooled
patients  were  treated.  Target  temperature  was  reached  in  85  (66–117)  min  (prehospital)  and  in  135
(102–192)  min  (IH)  after  ROSC  (p <  0.001).  After  prehospital  cooling,  hospital  admission  temperature  was
35.2  (34.2–35.8) ◦C,  and  in the IH-cooling  patients  initial  temperature  was  35.8  (35.2–36.3) ◦C (p  =  0.001).
No  difference  in numbers  of  rearrests  and  pulmonary  edema  between  groups  was  observed.  In  both
groups,  no  skin  lesions  were  observed.  Favorable  outcome  was  reached  in  26.8%  (prehospital)  and  in
37.0%  (IH) of  the  patients  (p  = 0.17).
Conclusions:  Using  a non-invasive  prehospital  surface  cooling  method  after  cardiac  arrest,  target  temper-
ature can  be  reached  faster  without  any  major  complications  than  starting  cooling  IH.  The  effect  of  early
non-invasive  cooling  on  long-term  outcome  remains  to  be determined  in  larger  studies.
rs.  Pu©  2014  The  Autho
. Introduction
Cardiac arrest is a major cause of death in the modern world
ith few therapies.1 In the US, every year approximately 300,000
eople experience a sudden cardiac death, approximately 92% of
hese patients die.2 In the last years, several studies showed that
ild therapeutic hypothermia improves outcome when induced
fter cardiac arrest in humans.3,4 In 2010, the American Heart
ssociation (AHA) and the European Resuscitation Council (ERC)
 A Spanish translated version of the summary of this article appears as Appendix
n  the ﬁnal online version at http://dx.doi.org/10.1016/j.resuscitation.2014.10.026.
∗ Corresponding author at: Department of Emergency Medicine Medical Univer-
ity  of Vienna, Waehringer Gürtel 18 20/6D, 1090 Vienna, Austria.
E-mail address: fritz.sterz@meduniwien.ac.at (F. Sterz).
ttp://dx.doi.org/10.1016/j.resuscitation.2014.10.026
300-9572/© 2014 The Authors. Published by Elsevier Ireland Ltd. T
http://creativecommons.org/licenses/by-nc-nd/3.0/).blished  by Elsevier  Ireland  Ltd.  This  is an open  access  article  under  the CC
BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/3.0/).
published revised recommendations for temperature regulation in
patients successfully resuscitated from cardiac arrest.5,6 Recently,
controversy has risen on the need for cooling patients after cardiac
arrest. A recent publication did not ﬁnd any differences in outcome
between temperature management of 33 ◦C vs. 36 ◦C,7 however
AHA and ERC have not change their guidelines yet. Concern-
ing timing of cooling, the European Resuscitation Council stated
earlier: “. . . but, as yet, there are no human data proving that ear-
lier time to target temperature produces better outcomes”.5 The
AHA gave no recommendation on timing.6 Animal data consis-
tently show that a delay in cooling negates the beneﬁcial effect of
mild hypothermia,8–12 whereas human studies show inconsistent
results concerning the beneﬁcial effect of early cooling.13–19 These
results might be partly explained by the retrospective design of
the studies and various cooling methods used13–17 or by the short-
comings of the cooling procedure itself.18–20 A recently published
his is an open access article under the CC BY-NC-ND license
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andomized study showed no effects on outcome in early cooling
ersus late cooling with intravenous (i.v.) cold normal saline. Sur-
risingly, more rearrests and pulmonary edema in patients cooled
n the prehospital setting were observed.21 In that study, volume
verload may  have led to the complications that were reported.
An alternative cooling method that ensures rapid cooling and
eliable maintenance of mild hypothermia but minimizes risk of
ulmonary edema and/or re-arrest would be preferred.
Recently, several different invasive and non-invasive cooling
ethods have been developed,22–28 but some of them are not
easible for the use by emergency medical service in the pre-
ospital setting. However, one non-invasive, external cooling pad
EMCOOLS Flex.Pad®) with fast cooling rate was  evaluated and
uccessfully implemented in out-of-hospital and in-hospital post-
esuscitation care.29,30
The primary objective of this study in patients successfully
esuscitated from out-of-hospital cardiac arrest was to compare
he time to target temperature between patients non-invasively
ooled in the prehospital setting and patients cooled after admis-
ion using a conventional non-invasive in-hospital (IH) approach.
e also assessed safety proﬁle and long-term neurological out-
ome.
. Materials and methods
This was a retrospective observational study carried out in coop-
ration with the Municipal Ambulance Service of Vienna. Data of a
onvenience sample of consecutive patients treated by the Ambu-
ance Service after out-of-hospital cardiac arrest and transported
o the department of emergency medicine of a tertiary care univer-
ity hospital were collected and analyzed. The institutional ethical
eview board has approved this registry and the procedures were
n accordance with the ethical standards. The ethical review board
id not review individual patient records. The primary endpoint of
his study was time (from ROSC) to target temperature (33.9 ◦C, as
ecommended by international guidelines5,6) of patients after car-
iac arrest with prehospital treatment compared to patients with
H treatment. The secondary endpoints were hospital admission
emperature, time to admission after restoration of spontaneous
irculation (ROSC) and neurological outcome after 12 months. Fur-
hermore, the number of rearrests and pulmonary edema was
ecorded in both groups.
.1. Prehospital cooling protocol
The inclusion and exclusion criteria for prehospital cooling were
dentical to those in our prior feasibility study.29 After CPR, patients
ad to have >5 min  of ROSC and not be capable of obeying any verbal
ommand at any time prior to initiation of cooling. Patients were
xcluded if their initial esophageal temperature (Tes) was  <34 ◦C
r if they had a known coagulopathy, pregnancy and/or terminal
isease, which did not allow any further intensive care escala-
ion. Furthermore, patients with prehospital cooling who  were
ooled with invasive devices or i.v. cold ﬂuids after admission were
xcluded from ﬁnal analysis.
After ROSC, temperature was measured by inserting an
sophageal temperature probe (Mon-a-therm General Purpose, 12
r, Mallinckrodt Medical Inc., St. Louis, MO,  USA) with placement
uided by a tracheal tube. The temperature probe was connected
o a monitoring device before initiating cooling.
Cooling was performed by application of cooling pads29EMCOOLS Flex.Pad®, EMCOOLS – Emergency Medical Cooling Sys-
ems AG, Pfaffstätten, Austria) on the thorax, back, abdomen and
highs (Fig. 1). Time of cooling start and ﬁrst Tes measured prior to
ooling was documented. These cooling pads consisted of multipleFig. 1. Cooling pads applied to a patient after hospital admission.
cooling cells ﬁlled with a cooling gel. The inner layer was a biocom-
patible ﬁlm, which adhered to the patient’s skin on application and
provided intimate pad to skin contact for efﬁcient heat transfer.
During the study period, 3 out of 18 ambulances in the city
were equipped with the cooling pad. Before use, the cooling pad
was stored in a cooling box at approximately −9 ◦C in the ambu-
lance. During transport in the ambulance, the cooling procedure
was continued. After admission of patients in whom cooling had
been initiated in the prehospital setting, Tes was  again measured
and monitored. The cooling pads were inspected by the attend-
ing physicians and nurses and exchanged if the cooling gel inside
had already melted. The entire cooling pad was  removed when Tes
reached 33.9 ◦C and due to the cold skin, the cooling down process
continued to a certain extend. After reaching Tes of 33 ◦C, external
cooling was continued for 24 h by using the cooling pad guided by
an established protocol30: During maintenance cooling, two  sin-
gle cooling units were applied as needed to keep Tes between 33 ◦C
and 33.5 ◦C. No additional cooling method was applied. After 24 h of
maintenance cooling, patients were allowed to rewarm passively.
During the entire process, sedation and anesthesia were given
using the following protocol: sedation, analgesia and paralysis were
initiated with a midazolam bolus of 5 mg,  followed by continuous
infusion (250 mg/50 mL  midazolam, started at 0.125 mg/kg/h and
adjusted as needed); a fentanyl bolus of 0.1 mg,  followed by contin-
uous infusion (2.5 mg/50 mL  fentanyl, started at 0.002 g/kg/h and
adjusted as needed); and a rocuronium bolus of 0.5 mg/kg, followed
by continuous infusion of 0.5 mg/kg/h.
2.2. In-hospital (IH) cooling protocol
In patients not cooled in the prehospital setting, Tes was
measured immediately after admission by using an esophageal
temperature probe as described above.
All other procedures were similar to those used in the patients
treated with prehospital cooling including application of the cool-
ing pads.
The same protocol for sedation, analgesia and neuromus-
cular blockade was  used and cooling was continued for 24 h.
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uig. 2. Cooling ﬂow diagram. It shows the study ﬂow diagram of 56 pre-hospital an
ith  IH cooling were not included into analysis, since other cooling techniques in c
H  = in-hospital, CA = cardiac arrest, ROSC = restoration of spontaneous circulation.
ost-resuscitative care was provided according to established
uidelines.31
Data were recorded as recommended for uniform reporting
f data from out-of-hospital cardiac arrest.32 Also, number of
oth rearrests during the ﬁrst 2 h after ROSC and episodes of
ulmonary edema (as deﬁned by reviewing admission chest radio-
raph reports) was recorded. Neurological outcome was  classiﬁed
y using the cerebral performance category (CPC). A performance
core of 1 (good function) or 2 (moderate disability) on a 5-category
cale was considered a favorable outcome; the other categories
ere considered an unfavorable outcome including 3 (severe dis-
bility), 4 (a vegetative state), and 5 (death). Patients with good
ecovery or moderate disability had sufﬁcient cerebral function
o live independently and work at least part-time in a sheltered
nvironment. Patients dying during the ICU phase that were being
edated were categorized as having unfavorable neurologic out-
ome. A specially trained study nurse assessed the 12-month follow
p over the telephone.
.3. Statistical analysis
Time to ROSC, temperature on admission, time to target tem-
erature (33.9 ◦C) and outcome were compared between groups.
ontinuous variables are reported as mean and standard deviation
SD) or median and interquartile range (IQRs; between the 25th and
5th quartiles), if not normally distributed. Primary and secondary
utcomes were binary, and the chi-square test was  used to compare
he outcomes between experimental groups. For normally dis-
ributed continuous variables, the Student’s t-test was performed.
o test non-normally distributed variables, the Kruskal–Wallis Test
as used. For data management and analyses, MS  Excel 2011 for
ac  and Stata 13.1 for Mac  (Stata Corp, College Station, TX) were
sed.H-cooled included patients. 15 patients after pre-hospital cooling and 110 patients
ation were used.
A two-sided p-value < 0.05 was  considered statistically signiﬁ-
cant.
3. Results
3.1. Patient characteristics
Between September 2005 and February 2010, overall 954 in-
hospital and out-of hospital cardiac arrest patients were treated
at our department. From these, 787 (82.5%) achieved ROSC. From
patients with ROSC, 585 (74.3%) were admitted after out of hospital-
cardiac arrest and out of these, 110 patients were included in the
study (Fig. 2). Out of 110, 56 (50.9%) were cooled in the prehos-
pital setting and 54 (49.1%) were cooled after admission (IH) by
using the external cooling pad (Table 1). The two  patient groups
did not differ in demographic characteristics except in a signiﬁ-
cantly longer time to ﬁrst CPR attempts in the prehospital group
(Table 1).
3.2. Prehospital cooling
In total, 20 patients cooled in the prehospital phase were not
included: 5 patients did not achieve sustained ROSC and 15 patients
were excluded due to cooling with other invasive and non-invasive
techniques after admission to hospital.
Of 56 patients cooled in the prehospital phase, in 48 (85.7%)
patients cooling was  initiated at 11 (7–18) min  after ROSC. In
29 (51.8%) patients, Tes at onset of prehospital cooling was 36.2
(35.7–36.6) ◦C. In 27 patients (48.2%), Tes was not measured in
the prehospital setting. For other temperature and time data, see
Table 2.
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Table  1
Descriptive analysis of collected data.
Demographic data Prehospital cooling (n = 56) In-hospital cooling (n = 54) p-value
Age in years, median (IQR) 62 (51–70) 59 (50–67) 0.52
Male  sex, n (%) 34 (60.7%) 40 (74.1%) 0.14
Body mass index, median (IQR) 28 (24–29) 26 (24–29) 0.40
Home as location, n (%) 23 (41.1%) 30 (55.6%) 0.09
Etiology presumed cardiac, n (%) 40 (71.4%) 36 (66.7%) 0.37
Non-witnessed arrest, n (%) 11 (19.6%) 9 (16.7%) 0.69
Bystander basic life support, n (%) 18 (32.1%) 16 (29.6%) 0.47
Time  to ﬁrst CPR attempts in witnessed arrests in minutes, median (IQR) 4 (2–8) 1 (0–3) 0.006
Initial rhythm VF/VT, n (%) 35 (62.5%) 28 (51.9%) 0.18
First cardiac rhythm PEA/EMD, n (%) 10 (17.9%) 15 (27.8%) 0.16
Initial rhythm asystole, n (%) 11 (19.6%) 10 (18.5%) 0.54
Number of shocks, median (IQR) 3 (2–6) 2 (1–5) 0.51
Adrenaline given in mg,  median (IQR) 3 (2–4) 3 (2–6) 0.49
Rearrest < 2 h after ROSC, n (%) 5 (8.9%) 8 (14.8%) 0.26
Pulmonary edema, n (%) 0 (0%) 3 (5.6%) 0.07
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Rbbreviations: PEA/EMD, pulseless electrical activity/electromechanical dissociatio
F/VT, ventricular ﬁbrillation, ventricular tachycardia; IQR, interquartile range;
OSC, restoration of spontaneous circulation.
.3. IH cooling
In 54 patients, cooling was started at median of 88 (65–133) min
fter ROSC and 55 (35–110) min  after admission.
Target temperature was reached in 85 (66–117) min  after ROSC
n prehospital cooled patients and in 135 (102–192) min  in IH
ooled patients (p < 0.001). No difference in the rate of rearrests and
ulmonary edema between groups has been observed (Table 1). In
oth groups, no skin lesions were observed. On admission, prehos-
ital and IH arterial blood gas parameters from the ﬁrst sample did
ot differ except potassium, which was lower in prehospital cooled
atients (Table 3). The airway of all prehospital- and IH-cooled
atients was secured with a tracheal tube.
.4. Patient outcome
There was no signiﬁcant difference in neurological outcome
etween groups. In the prehospital cooling group, favorable out-
ome (CPC 1–2) was reached in 15 patients (26.8%) at 12 months,
7 (66.1%) died 8 (3–17) days after hospital admission. One patient
ith CPC 1 classiﬁed at 1 month after arrest was lost to further
ollow up. In the IH group, 20 (37.0%) showed a CPC of 1–2 (p = 0.17)
fter 12 months, 33 patients (61.1%) died at a median of 5 (2–13)
ays (p = 0.33).
. Discussion
This study of non-invasive prehospital vs. IH cooling in patients
fter cardiac arrest showed that target temperature (Tes) was
eached signiﬁcantly faster with prehospital cooling, but surpris-
ngly this difference was only minimally reﬂected in admission
emperature. The shorter interval to target temperature in the
rehospital cooling, however, did not translate in sustained
able 2
elevant temperatures and time intervals.
Pre
Hospital admission after ROSC (min); median (IQR) 44 (
Temperature at admission (◦C Tes); median (IQR) 35.2
Time  from ROSC to target temperature 33.9 ◦C (min); median (IQR) 85 (
Time  from admission to target temperature 33.9 ◦C (min); median (IQR) 50 (
Cooling rate (◦C/h); median (IQR) 2.0 
Time  of low ﬂow time (min); median (IQR) 20 (
Time  to ROSC (min); median (IQR) 24 (
ata are given as median (IQR = interquartile range).
OSC = restoration of spontaneous circulation; Tes = esophageal temperature.neurologic beneﬁts. Importantly, the pre-hospital surface cooling
was not associated with higher rate of adverse events, namely re-
arrests, than in-hospital cooling.
To the best of our knowledge, this is the ﬁrst study compar-
ing temperature management using non-invasive surface cooling
in the prehospital vs. IH setting. Recently, controversy has arisen
regarding the optimal time to begin cooling after cardiac arrest. In
a recently published study, Kim et al.,21 reported no difference in
neurologic outcome between patients cooled prehospital or IH. The
cooling method used in the prehospital setting was  an i.v. infusion
of up to 2 L of cold saline initiated immediately after ROSC. A pos-
sible side effect of this approach was an observed higher number
of cases of both pulmonary edema and re-arrest in the prehospi-
tal cooling group. From animal studies it is known that intra-arrest
cooling with ﬂuids decreases coronary perfusion pressure.33 There-
fore, a hypothetical reason for a higher amount of rearrests and
pulmonary edema in that study might have been the use of immedi-
ate cold i.v. infusion after ROSC. In our study, using surface cooling,
we did not detect a higher rate of pulmonary edema or a higher
rate of re-arrests in the prehospital cooling group.
Recently, Nielsen et al.,7 showed in a large multicenter study
no difference in neurological outcome between patients cooled to
33 ◦C vs. a control group treated with a target temperature at 36 ◦C.
There may  be several explanations for this ﬁnding: ﬁrst, in the
historical cooling trials,3,4 the control group was not treated with
targeted temperature management, and thus post ROSC fevers may
have worsened outcome in the control group. Also, the time from
arrest to inclusion in the study was  4 h and thus delay in cooling
may  have played a role.Therefore, further studies are needed, particularly studies of the
application of more rapid approaches to cooling.
Interestingly, in our cohort, time from ROSC to hospital admis-
sion was signiﬁcantly longer in the prehospital group than the IH
hospital cooling (n = 56) In-hospital cooling (n = 54) p-value
33–54) 35 (21–50) 0.04
(34.2–35.8) 35.8 (35.2–36.3) 0.001
66–117) 135 (102–192) <0.001
22–74) 108 (71–172) <0.001
(1.2–3.1) 2.3 (1.6–3.0) 0.41
14–30) 23 (14–37) 0.61
20–37) 26 (14–41) 0.67
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Table  3
Admission arterial blood gas.
Parameter Prehospital cooling (n = 56) In-hospital cooling (n = 54) p-value
pH; mean ± SEM 7.18 ± 0.02 7.13 ± 0.02 0.08
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dLactate (mmol/l); median (IQR) 7.8 (6.4–10.3)
Glucose (mg/dl); mean ± SEM 278 ± 14 
Potassium (mmol/l); mean ± SEM 3.8 ± 0.1 
roup with a median difference of 9 min. This longer time period
n the prehospital group could be possibly explained by the time
ecessary to initiate the cooling procedure including insertion of a
emperature probe, removing the patient’s clothing, movement of
he cooling equipment from the ambulance to the arrest location
nd/or positioning the cooling pad on the patient in the ﬁeld.
Although patients cooled in the prehospital setting showed only
.6 ◦C difference Tes measured after admission in the emergency
epartment vs. IH patients, target temperature was  reached signif-
cantly faster in the prehospital cooling group with a substantial
edian time difference of 50 min. This might reﬂect the possibil-
ty that in the prehospital group, the cooled skin has facilitated
 subsequent decrease in core body core temperature, which ulti-
ately results in a shorter time to target temperature. Furthermore,
lthough we noted a shorter time to target temperature in the pre-
ospital group, cooling rate in ◦C/h was not different between the
wo groups (2.0 ◦C/h vs. 2.3 ◦C/h, p = 0.41).
Another possible explanation for a longer time to target tem-
erature in the IH group could be the simple fact that cooling
as initiated at median of 55 min  after hospital admission. Retro-
pectively, this extensive time period could partly be explained by
ifferent examinations, procedures and interventions performed
efore the initiation of cooling, but detailed data on this issue were
ot available. This cooling delay could also explain the longer time
o target temperature in comparison to the prehospital cooling
roup.
Another interesting observation was a signiﬁcantly lower potas-
ium value, albeit within the normal range, in the prehospital
roup on admission before reaching target temperature. During
ild therapeutic hypothermia this side effect is well known and
as been previously described in patients after reaching target
emperature.34,35 Our ﬁnding shows that a decline of potassium
alue may  already begin immediately after the onset cooling.
Overall, cooling rates of both prehospital and IH groups were
ower than reported in our two prior published cooling pad tri-
ls (3.3 ◦C/h and 2.8 ◦C/h).29,30 This interesting ﬁnding may  be
xplained by a Hawthorne effect in these earlier studies over a short
tudy period versus the daily life experience of several years in our
ohort study. This could also eventually be explained by limited
ocumentation of temperature in the prehospital setting in the
ohort study.
There was no difference between prehospital and IH cooled
atients, however our small cohort was not powered to address
utcome, which represented only a safety outcome in this report.
evertheless, the time to ﬁrst CPR-attempts in the prehospital cool-
ng group was signiﬁcantly longer than in the IH cooling group,
hich may  have represented a bias against cooling efﬁcacy.
We recognize that the minimal decrease of Tes of prehospi-
al cooled patients on admission in comparison to IH cooling may
eed to be optimized to maximize potential gains in neurologi-
al outcome. Also, time of onset of cooling after admission at our
epartment likely needs to be reduced to increase the potential
ffect of early cooling. Based on animal studies36,37 cooling might be
ore efﬁcient if already applied during CPR resulting in an imme-
iate decrease in temperature. If this could be achieved with a
ooling method that minimizes key side effects such as rearrest
r pulmonary edema, it could represent the best possible chance to
emonstrate beneﬁt.8.6 (5.1–12.5) 0.56
258 ± 13 0.29
4.2 ± 0.1 0.02
4.1. Limitations
Our exploration has several major limitations: ﬁrst, it was a ret-
rospective, non-randomized single center study including only a
minority of treated patients over a prolonged period of time. There-
fore, the absence of a selection bias is very difﬁcult to conﬁrm. In
more than half of the patients cooled in the prehospital setting,
initial Tes was  not measured and onset of cooling was not docu-
mented. There were no data available whether or not ambulance
crews applied pads in the ﬁeld or in the ambulance. Also, other
speciﬁcs of cooling pad application (number of pads used, % of
body surface covered) in the prehospital group were not available.
Based on a low number of equipped ambulances, only about 15%
of all OHCA patients admitted during the study period were cooled
in the prehospital period. An additional selection bias might thus
inﬂuence the results. Prehospital Tes in the IH cooling group was
not measured. Without being able to compare prehospital tempera-
tures of both groups before cooling makes it difﬁcult to differentiate
between active cooling in the prehospital group and spontaneous
heat loss during transport in the IH cooling group. Furthermore,
there was  a delay between admission and the start of IH cool-
ing. This delay might diminish the results in outcome. It remains
unclear, whether a shorter delay of IH cooling would change the
effects on outcome.
5. Conclusions
Non-invasive prehospital cooling in patients after cardiac arrest
reduces time to target temperature and does not produce side
effects vs. IH cooling. However, hospital admission temperature
was affected only to a minor, albeit signiﬁcant, degree by pre-
hospital cooling. Prehospital cooling appeared to facilitate further
reduction in temperature in the IH phase. Given the lack of pul-
monary edema and/or re-arrest when non-invasive prehospital
cooling is used, our data suggest that further prospective ran-
domized trials are warranted to determine whether or not early
non-invasive prehospital cooling can improve neurological out-
come in patients after cardiac arrest.
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